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An electric power assisted steering system is disclosed in which a motor (1) is adapted to provide an assistance torque to an output 
shaft (12) through a worm gear (13) and wheel gear assembly (11) and a biasing means (14) is provided which biases the shaft carrying 
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IMPROVEMENTS RELATING TO ELECTRICAL POWER 
ASSISTED STEERING 

This invention relates to improvement in gear assemblies, and in 
5 particular to electrical power assisted steering assemblies which 
incorporate a worm and wheel gear assembly for transferring torque from 
an electric motor to a steering column or output shaft operatively 
connected thereto. 

10 It is known to provide a power steering system for a vehicle comprising 
an electric motor having a stator and a rotor, an input shaft operatively 
connected to the rotor and adapted to rotate therewith, an output shaft 
associated with a steering column, and a gearbox adapted to transfer 
torque from the input shaft to the output shaft in response to a measure of 

15 torque in the output shaft produced by a torque sensor. The motor is 
typically operated to apply an increasing torque to the output shaft as the 
measured torque increases, thus applying an assistance torque which helps 
to steer the vehicle. 

20 In a simple arrangement, the input shaft defines a worm gear, and the 
output shaft is provided with a wheel gear which is adapted to mesh with 
the worm gear. Whilst such a system is relatively effective, there exists a 
problem with noise and vibration due to incorrect meshing between the 
worm and gear wheel. This incorrect meshing may arise due to 

25 manufacturing tolerances, thermal changes in dimensions, distortion due 
to torsional loads and wear during service. 
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According to a first aspect, the invention provides an electric power 
assisted steering system comprising a housing, an electric motor fixed 
relative to the housing having a stator and a rotor, an input shaft 
operatively connected to the rotor, an output shaft operatively connected 
5 to a steering column, and a torque sensor adapted to produce an output 
signal indicative of the torque in the output shaft, the motor being adapted 
to apply a torque to the output shaft dependent upon the output signal 
from the torque sensor through a worm gear provided on the input shaft 
which is adapted to mesh with a wheel gear on the output shaft, the 
10 steering system being characterised by further comprising a first bearing 
means which supports the input shaft relative to the housing at its end 
distal from the motor and a resilient biasing means adapted to act upon the 
first bearing means to bias the input shaft towards the wheel gear. 

15 Preferably, the input shaft is biased in a tilting movement which is 
centred at a second bearing means which supports the input shaft relative 
to the housing at its end adjacent to the motor. 

The biasing means may be adapted to apply a sufficient biasing force to 
20 the first bearing means to maintain a fully meshed engagement between 
the teeth of the worm gear and the teeth of the wheel gear over a 
predetermined range of torque values carried by the wheel gear. This 
helps to prevent gear rattle when driving straight ahead or on rough roads 
by ensuring both sides of the engaging teeth on the worm and wheel are in 
25 contact at substantially all times over this range of torques. Because the 
arrangement increases quiescent friction in the gearbox it is important to 
maintain control of the force applied by the biasing means over the full 
range of the input shaft that is required. Therefore the biasing means 
must have a low spring rate. 



30 
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The provision of the biasing means allows a controlled biasing force to be 
applied whilst permitting sufficient tilting movement of the input shaft to 
compensate for changes in dimensions due to manufacturing variations and 
temperature changes etc. The maximum torque value up to which the 
5 fully meshed engagement is effective is carefully chosen (by compromise) 
to avoid excessive friction. 

The biasing means may comprise a resilient spring of any type adapted to 
act between a portion of the housing and the first bearing means. 

10 

In some configurations, it is preferred that the resilient spring comprises a 
leaf spring which may be attached to the housing at a first end and act 
upon the first bearing means at its second end. This may engage the first 
bearing means at the opposite side of the input shaft to the wheel gear so 
15 as to bias the worm into contact with the wheel gear. 

The leaf spring may be provided outside of the housing and the second 
end of the leaf spring may pass through an opening in the housing to 
engage with the first bearing means. The second end of the leaf spring 
20 may carry a seal which seals with the opening through which it passes. 

The input shaft may be directly connected to the motor rotor. It may 
extend continuously through the rotor. 

25 The input shaft may be operatively connected to the rotor through a 
flexible coupling which allows the worm to tilt without movement of the 
rotor. 

The flexible coupling may comprise a resilient element, for example of 
30 rubber. The motor rotor may be adapted to apply a drive force to the 
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resilient element through one or more circumferentially spaced radially 
extending surfaces of the resilient element. The resilient element may in 
turn be adapted to apply a drive force to the input shaft through one or 
more other circumferentially spaced radially extending surfaces of the 
5 element. The element may comprise a spider shape having a multiple of 
arms presenting a number of radially extending, circumferentially spaced 
drive surfaces. 

Where the input shaft is connected to the motor rotor by a flexible 
10 coupling, a first compression means may be provided between the housing 
and the first bearing means at the end of the input shaft distal from the 
motor which applies a compressive force onto the input shaft to bias it 
towards the motor rotor. It may comprise a coil spring. Its function is to 
prevent noise and vibration due to axial free play in the second bearing 
15 means. In its compressed state, there should be free space between 
adjacent coils in order to avoid frictional resistance to the tilting motion 
of the input shaft. 

A second compression means (such as a coil spring) may also be provided 
20 between the end of the input shaft adjacent the motor rotor and the motor 
rotor. This may be provided in a cup formed on an end of the input shaft 
whilst a pin extending about the rotational axis of the motor rotor and 
forming a part of the rotor projects into the cup to engage the spring. 

25 Thus, whilst the first compression means biases the second bearing means 
through the flexible coupling, the second compression means biases the 
rotor directly through the pin. There must be a difference between the 
forces provided respectively by the first and second compression means 
which is sufficient to bias the second bearing means in the direction of the 

30 input shaft axis by the desired amount. 
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In an alternative, the biasing means may comprise an annular O-ring 
provided between the first bearing means and the housing. The O-ring 
may be of rubber, and may contact an outer circumference of the first 
5 bearing means and a portion of the housing. 

The first bearing means may therefore move relative to the housing 
against a resistant force applied by the O-ring as at least part of the O- 
ring is compressed. In such an arrangement, the wheeled gear or the 
10 worm gear may deliberately be made slightly oversize relative to the 
dimensions which are calculated according to the distance between their 
respective shaft axes. This ensures the O-ring is always under a small 
amount of residual compression. 

15 In an alternative to an O-ring, the resilient biasing means may comprise a 
resilient element which is accommodated between the first bearing means 
and the housing, such as a rubber spacer block. The element may be 
disposed between the first bearing means and the housing opposite to the 
side of the input shaft which engages the gear wheel. The biasing means 

20 may act in compression or tension. 

The second bearing means may comprise a ball bearing which is adapted 
to prevent radial and axial movement of the input shaft relative to the 
housing whilst permitting tilting movement of the input shaft against the 
25 bias force provided by the biasing means. 

The second bearing means may be selected to comprise a high tolerance 
ball bearing assembly which is adapted by virtue of the shape of the 
groove in which the balls are located to substantially prevent any radial 
30 displacement of the input shaft relative to the housing as it passes through 



WO 99/65758 



PCT/GB99/01864 



6 

the second bearing whilst permitting the input shaft to pivot about a point 
on its axis which passes through a point in the plane of the second bearing 
means. 

5 In a preferred arrangement, the housing defines a first portion and a 
second portion, the first portion comprising a housing for the input shaft 
having at least one pair of opposed walls, and having an opening in each 
wall into which the first and second bearing means are respectively 
provided, and the second portion comprising a housing for at least part of 
10 the output shaft having at least one pair of opposed walls, an opening 
being provided in each wall for receiving one or more bearings adapted to 
secure the output shaft relative to the housing. The output shaft is 
preferably mounted orthogonal to the input shaft and substantially 
prevented from moving radially relative to the housing. 

15 

A plastic lining portion may be provided around a circumferential outer 
face of the first bearing means which prevents contact between the first 
bearing means and the housing at excessive displacements. This helps to 
eliminate vibration noise due to metal-metal contact between the first 
20 bearing means and the housing. 

The first opening defined in the first portion of the housing (which 
receives the first bearing means) may comprise an elongated slot through 
which the input shaft passes having semicircular end portions and a 

25 central pair of parallel sides. The spacing between the parallel sides may 
be substantially the same as the outer diameter of the first bearing means. 
The radius of the semicircular end portions of the slot may be 
substantially the same as the outer radius of the first bearing means. 
Thus, the first bearing means may be adapted to move axially along the 

30 slot but may be prevented from moving radially perpendicular to the slot. 
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the second bearing whilst permitting the input shaft to pivot about a point 
on its axis which passes through a point in the plane of the second bearing 
means. 

5 In a preferred arrangement, the housing defines a first portion and a 
second portion, the first portion comprising a housing for the input shaft 
having at least one pair of opposed walls, and having an opening in each 
wall into which the first and second bearing means are respectively 
provided, and the second portion comprising a housing for at least part of 
10 the output shaft having at least one pair of opposed walls, an opening 
being provided in each wall for receiving one or more bearings adapted to 
secure the output shaft relative to the housing. The output shaft is 
preferably mounted orthogonal to the input shaft and substantially 
prevented from moving radially relative to the housing. 

15 

A plastic lining portion may be provided around a circumferential outer 
face of the first bearing means which prevents contact between the first 
bearing means and the housing at excessive displacements. This helps to 
eliminate vibration noise due to metal-metal contact between the first 
20 bearing means and the housing. 

The first opening defined in the first portion of the housing (which 
receives the first bearing means) may comprise an elongated slot through 
which the input shaft passes having semicircular end portions and a 

25 central pair of parallel sides. The spacing between the parallel sides may 
be substantially the same as the outer diameter of the first bearing means. 
The radius of the semicircular end portions of the slot may be 
substantially the same as the outer radius of the first bearing means. 
Thus, the first bearing means may be adapted to move axially along the 

30 slot but may be prevented from moving radially perpendicular to the slot. 
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opening channel in the housing extending radially away from the inner 
wall of the first opening of the first portion of the housing. 

The central portion of the torsion bar may be secured to a portion of the 
5 housing through one or more clamps or shackles. 

The second end of the torsion bar may rest upon an end face of a threaded 
bolt which engages with the housing. Rotation of the bolt within the 
threaded bore displaces the second end of the torsion bar relative to the 
10 housing. As the first end is engaged with the first bearing means this acts 
to increase or decrease torsion in the bar in a known manner, in turn to 
alter the biasing force applied to the first bearing means (i.e. for use when 
setting up). 



15 In a preferred arrangement, a terminal portion of the second end of the 
torsion bar is bent through approximately ninety degrees relative to the 
remaining part of the second end portion and engages within a recess in 
the end face of the bolt. This provides a positive location for the second 
end portion. 

20 

In yet a further alternative arrangement, where space in the vehicle 
permits, the biasing means may comprise a coil spring having its axis 
substantially perpendicular to that of the wormshaft. The coil spring 
could be installed in a hole in the housing. A first end of the spring could 
25 apply force to the outer race of the first bearing means via a formed end 
of the spring or via a separate component placed between the spring and 
the first bearing means. A closure plug or plate at the end of the hole 
distal from the bearing means would provide a support to the coil spring 
and a means of sealing. 



30 
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In a most preferred arrangement, the terminal portion of the second end of 
the torsion bar engages with a recess in the housing. This renders the 
arrangement non-adjustable and tamper proof which is preferable for 
production versions. 

5 

In a refinement, where the biasing means comprises an O-ring seal acting 
between the first bearing means and the housing, the centre axis of the O- 
ring may be offset relative to the central axis of the input shaft. This 
provides a different relationship between biasing force and displacement 
10 of the bearing means compared to the case where the central axes of the 
O-ring and shaft coincide. It is preferred that the axis of the O-ring is 
closer to the wheel gear than that of the input shaft where is passes 
through the first bearing means. 



15 To further refine the relationship between the biasing force and 
displacement of the first bearing means, the shape of the O-ring groove 
(where provided) relative to the cross-section of the O-ring may be chosen 
so that the compressed portion of the O-ring just completely fills the 
groove at a predetermined displacement corresponding to a predetermined 

20 biasing force, whereafter the rate of increase of biasing force with full 
displacement is significantly greater than the rate of increase of biasing 
force with displacement at displacements below the predetermined 
displacement. When the O-ring is in its normal position corresponding to 
zero torque on the gear wheel, the O-ring may therefore only partially fill 

25 the groove at this point. 

According to a second aspect, the invention provides an electric power 
assisted steering system comprising a housing, an electric motor fixed 
relative to the housing having a stator and a rotor, and input shaft 
30 operatively connected to the rotor, an output shaft operatively connected 
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to a steering column, and a torque sensor adapted to produce an output 
signal indicative of the torque in the output shaft, the motor being adapted 
to apply a torque to the output shaft dependent upon the output signal 
from the torque sensor through a worm gear provided on the input shaft 
5 which is adapted to mesh with a wheel gear on the output shaft, the 
steering system being characterised in that the input shaft is operatively 
connected to the motor rotor by a flexible coupling. 

By providing a flexible coupling, it is possible for the input shaft to tilt 
10 relative to the motor rotor. This enables the position of the worm relative 
to the wheel to be adjusted to remove gear rattle without having to move 
the rotor. 

Preferably, the flexible coupling comprises a resilient element. It may be 
15 a rubber element. 

The element may have a plurality of substantially radially extending drive 
faces. One or more of the drive faces may co-operate with one or more 
radial drive faces defined on the rotor. One or more of the drive faces 
20 may co-operate with drive faces defined on the input shaft. The motor . 
rotor thus can apply torque to the input shaft through these faces. 

Preferably, the element comprises a spider having a plurality of radially 
extending arms defining the drive surfaces. 

The input shaft may have a cup formed on its end adjacent the motor 
rotor. A pin located along the axis of rotation of the rotor may be 
adapted to be received within the cup. The flexible coupling may be 
provided between an end face of the cup and the rotor, perhaps around the 
pin. 
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The cup may be adapted to receive a first resilient biasing element such as 
a spring which acts between the end of the pin and the base of the cup to 
bias the rotor away from the input shaft. 

5 

A second compression means may be provided which is adapted to bias 
the input shaft towards the rotor. This may comprise a spring located 
between the housing and a bearing means which supports the input shaft. 

10 There will now be described three examples of the present invention by . 
way of example only. Reference is made to the accompanying drawings 
which include like reference numerals for like parts, of which: 

Figure 1 is a cut-away partial view of a first embodiment of an 
15 electrical power assisted steering system which incorporates the 

present invention; 

Figure 2 is a view of a second embodiment of an electrical power- 
assisted steering system incorporating the present invention; 

20 

Figure 3 is an alternate view of the system of Figure 2 showing the 
connection between the torsion bar and a threaded bolt which is 
fastened to the housing; 

25 Figure 4 is a view of a third embodiment of an electrical power- 

assisted steering system incorporating the present invention; 

Figure 5 is a detail of the second support hub for the motor rotor; 

30 Figure 6 is a detail of the flexible spider element; and 
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Figure 7 shows in plan the leaf spring element. 

Figure 1 is a cut-away view of part of an electrical power-assisted 
5 steering system of the present invention for use in a vehicle. 

A motor 1 for applying assistance torque to an output shaft 12 operatively 
connected to a steering column shaft comprises a stator 2 and a rotor 3. 
The motor is mounted onto a side of a housing 4. One end of an input 

10 shaft 5 which is splined to an end of the rotor extends through an 
opening 8 into an inner cavity 6 of the housing. The other end of the 
input shaft passes through an opening 7 on an opposite side of the housing 
to the opening 8, and a first bearing means 9 and second bearing 
means 10 located in the openings 7 and opening 8 respectively support the 

15 input shaft relative to the housing. 

The input shaft 5 carries a worm gear 13 between the two bearing means 
which is adapted to engage with a toothed wheel 11 provided on the 
output shaft 12 where it passes through the housing. Bearings (not 
20 shown) support the output shaft 12 relative to the housing 4 orthogonal to 
the axis of the input shaft 5 so that the worm gear and wheel gear are 
meshed. 

In use, an output from a torque sensor (not shown) adapted to measure the 
25 torque in the output shaft 12 (or a steering shaft operatively connected 
thereto) is passed to an electronic control unit (ECU) in turn to produce a 
motor drive signal which controls the torque produced by the motor 1. 
The motor 1 then transfers torque through the motor rotor 3 to the input 
shaft 5 and onto the output shaft 12 to provide assistance to aid a driver of 
30 the vehicle. 
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Each of the bearing means 9, 10 comprises a ball bearing or roller bearing 
cartridge having an inner bearing race which co-operates with the input 
shaft and an outer bearing race spaced around the inner race, bearings 
5 being provided therebetween. Any well known bearing assembly can be 
used subject to meeting the requirements for tolerance and load bearing 
set out by the designer. 

The second bearing means 10 is secured to the housing 4 and acts as a 
10 pivot about which the input shaft 5 may tilt. It prevents substantially all 
radial movement of the shaft 5 as it passes through the bearing 10. 

The first bearing means 9 is spaced from the housing 4 by a resilient 
biasing means 14 adapted to bias the input shaft 5 towards the gear 
15 wheel 12 of the output shaft 11. 

The second (and larger) bearing means 10 therefore reacts tangential 
forces being applied to the gear wheel by the worm, as well as radial 
forces (i.e. at right angles to the axis of the worm) due to the helix angle 
20 and pressure angle of the teeth. 

The first bearing assembly 9 is constrained axially relative to the 
housing 4 (as described hereinafter) but is free to move radially against 
the biasing force applied by the biasing means 14. 

25 

The biasing means 14 acts to bias the worm into mesh with the gearwheel 
via an elastic medium and to allow it to adopt a fully meshed condition 
(i.e. where there is no clearance between the flanks on either sides of the 
engaging worm and gearwheel teeth) for the range of gearwheel size and 
30 position variations (due to manufacturing tolerances), temperatures and 
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states of tooth wear. As shown in figure 1, the biasing means comprises 
an O-ring which locates in a groove 15 having a square cross section. 

It is required to maintain this fully meshed condition for a range of torque 
5 values, measured at the gear wheel, (for example up to 4N-m in one 
application) in order to prevent gear rattle when driving around the 
straight ahead on rough roads. A force of 20N needs to be applied to the 
worm, radially with respect to the gearwheel in order to maintain full 
meshing at 4 N-m gearwheel torque. When a higher torque is applied, 
10 then the worm will move away from the gearwheel and clearance will 
occur at the sides of the teeth which are not transmitting the torque. The 
maximum torque rating of the gear system shown in Figure 1 is 42 N-m. 

Experiments have shown that the range of dimensional backlash variation 
15 due to tolerances, temperature and wear that may arise, if a biasing means 
was not incorporated, is typically around 0.150 mm. To compensate for 
this, a range of radial displacements of the worm, relative to the 
gearwheel, is needed which is approximately 2 X the backlash variation 
(because of the 14 degree pressure angle); i.e. 0.300mm total (or +/- 
20 0.150mm from the nominal worm axis position). This range of 
displacements is provided by allowing the wormshaft to pivot around the 
larger ball bearing, nominally moving in a vertical plane, and to bias the 
movement towards the gearwheel by means of the 3mm wide O-ring 
acting on the outer race of the smaller ball bearing. 

25 

In the particular design shown in Figure 1 the ratio of the lengths from 
the engaging centre of the worm to the centres of the respective bearings 
means that a force of 20 x 48[48 + 38.5] N (=11N) should be applied by 
the O-ring. This should ideally be maintained over a range of 
30 displacements, from the nominal worm axis position, of +/- 0.270mm ( = 
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+ /- 0.150 x [48 + 38.5)/48] mm). However, this is not practical because 
the force must change with movement in the case of such a simple elastic 
medium. As a compromise, the invention achieves a force range of 
approx. 17 to 27 N over the 0.540 mm (i.e. +/- 0.270 mm) total 

5 displacement range. This is achieved by positioning the centre of the O- 
ring groove to be offset relative to the nominal position of the worm axis. 
The amount of that offset will depend on the Force vs. Displacement 
characteristic of the O-ring, which will act as a non-linear spring whose 
rate will increase as the worm is forced further away from the gearwheel. 

10 Once the limit of the above working displacement range is exceeded, in 
the direction away from the gearwheel, then the resistance of the O-ring 
should rise very rapidly to prevent excessive wormshaft movement at high 
torques. 

15 An absolute limit of travel is provided (for example 0,500mm from the 
nominal axis) by virtue of the fact the bore in the housing for the 22mm 
diameter bearing is machined to 23mm. To avoid metal-to-metal impact 
noise, the force of the O-ring at 0.500mm off centre displacement of the 
small bearing may be chosen to be at least 150 N. This will require a 

20 very fast rising spring rate between 0.300 and 0.500mm displacement. 
This can be achieved by tailoring the precise shape of the O-ring groove, 
in relation to the diameter of the O-ring' s cross section, such that the O- 
ring material just fills the groove at the exact point at which the spring 
rate is required to rise steeply. The hardness of the rubber is another 

25 parameter that can be optimised. 

Note that it is important to limit the meshing force which occurs at the 
lower torques because it induces a significant amount of quiescent friction 
into the operation of the gearbox and this is detrimental form efficiency 
30 and good road feel. A meshing force of 20 N will create 0.4 N of friction 
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as measured at the gearwheel. The maximum acceptable is typically 
around 0.5 N. 

To enable it to act as a pivot centre for the wormshaft, at least over the 
5 small angular displacements involved ( + /- 0.18 degrees), the larger 
bearing can be specified as a !, C3 n clearance grade (i.e. with the 
maximum standard clearance choice). This will allow the bearing to run 
with the required misalignment without excessive friction and wear. To 
prevent it from rattling due to the sporadic gearbox torque reversals that 
10 occur when driving straight ahead on rough roads, it bearing may be 
axially pre-loaded at 90N. The pre-load can be applied via the shaft by 
preloading the smaller bearing's outer race by means of a compressed coil 
spring 16. 

15 The connection between the wormshaft 5 and the motor rotor 3 is via 
clearance spline engagement in which a small leaf spring is used to 
laterally load the male spline relative to the female spline and remove any 
torsional free play in the motor drive. This arrangement permits a small 
amount of bending compliance between the wormshaft and the motor rotor 

20 and hence allows the desired displacement of the wormshaft. 

An alternate embodiment is shown in figures 2 and 3 and where possible, 
like reference numerals have been used to those provided on figure 1 as 
many components are identical. 

25 

The second embodiment differs from the first embodiment in so far as the 
biasing means comprises a torsion bar 100 acting upon an outer surface of 
the first bearing means instead of an O-ring seal. 
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The torsion bar 100 comprises an elongate bar bent into an elongated U- 
shape. Each end of the bar is further bent over though approximately 
ninety degrees. 

5 The central portion 101 of the bar 100 is clamped onto a portion of the 
housing 4 through a bush which allows the bar to rotate about its axis. 
One end 102 of the bar acts upon the bearing means whilst the other 103 
acts upon a bolt 104 threadably engaged with the housing 4. Rotation of 
the bolt 104 displaces the associated end of the bar, inducing torsion in 
10 the bar as the other end is prevented from moving by the bearing means. 
Thus, the biasing force can be adjusted by rotating the bolt. 

Of course, a bolt is not essential, and many other ways of varying the 
biasing force can be employed. For example, shims may be inserted 
15 between the end of the torsion bar and either the bearing means or the 
housing. Alternative spring types are also envisaged within the scope of 
the invention. 

The skilled man will therefore understand that the present invention lies, 
20 in at least one aspect, in the provision of a biasing means which biases the 
input shaft towards the output shaft with a desired Displacement Biasing 
Force relationship so as to at least partially prevent gear rattle. 

A third embodiment of an electrical power assisted steering system of the 
25 present invention is illustrated in Figure 4. 

This system differs from the previous two systems in that the worm gear 
is provided on an input shaft 5 which is isolated from the motor rotor 3 
by a flexible coupling. It is also biased against the wheel gear 11 using a 
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leaf spring 200 arranged to act upon the first bearing means 9 supporting 
the end of the shaft 5 opposite the motor. 

The motor rotor 3 is cylindrical and is supported at each end by a 
5 respective hub 30, 31. A first hub 30 comprises a supporting frame with 
a bearing located on its axis of rotation. The bearing is a sliding fit over 
a centred stud 32 which forms a part of the motor housing 4 and which is 
located on the central axis of rotation of the rotor. The stud thus passes 
through the bearing to provide support for the rotor at the end of the 
10 motor opposite to the gearbox. 

The second hub 31 comprises a radial supporting frame and an integral 
centrally located pin 33. The pin 33 projects outwardly from the rotor 3 
towards the gearbox and is accommodated in a cup 51 formed on the end 
15 of the input shaft 5 to ensure approximate axial alignment of the rotor and 
the input shaft 5. 

Between the second hub 31 and the cup 51 is a flexible coupling 52 
comprising a rubber spider with eight identical, circumferentially spaced 
20 arms 53 defining sixteen radial drive surfaces 54. 

As can be seen in Figure 6, the second hub 31 has four drive teeth or 
dogs 31a projecting towards the gearbox which engage between 
corresponding arms of the flexible spider. The cup 51 on the worm gear 
25 shaft is similarly provided with four teeth or dogs which extend axially 
towards the rotor and engage the remaining drive surfaces between the 
arms of the spider. Thus, drive from the motor rotor is coupled to the 
worm shaft through the spider. 
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Providing the flexible coupling, which can be seen in more detail in 
figures 5 and 7 of the accompanying drawings allows the input shaft 5 to 
move without the need for corresponding movement of the motor rotor 3, 
enhancing the operating life of the motor. 

5 

A small coil spring 55 is provided within the cup which acts through a 
spacer onto the end of the pin of the second hub to bias the motor rotor 
away from the gearbox. A second spring 56 is provided between the 
gearbox housing and the first bearing means to bias the input shaft 5 
10 towards the rotor. 

The leaf spring 200 can be seen in more detail in Figure 7 of the 
accompanying drawings. It comprises a substantially planar resilient 
element that is bolted 202 at one end onto the motor housing with the 
15 plane of the spring parallel to the axis of the input shaft. 

The free end 201 of the leaf spring 200 is bent through ninety degrees and 
passes through an orifice in the housing to engage the first bearing 
means 9. This applies a force to the input shaft directed towards the 
20 wheel gear. An over moulded seal on the end 201 of the leaf spring co- 
operates with the walls of the orifice to seal the orifice. In addition, a 
cover plate 300 is provided which prevents access to the leaf spring unless 
the cover is removed. 

25 The first bearing means supporting the free end of the worm gear shaft is 
located within a plastics guide that is an interference fit within the 
housing. The guide is oversize by 0.76 mm in respect of movement of the 
first bearing means radially towards and away from the wheel gear but is 
a close tolerance fit in the orthogonal (horizontal) direction to restrain 
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movement of the bearing in that direction. The guide thus allows only 
one degree of freedom of movement of the first bearing means. 
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CLAIMS 

1. An electric power assisted steering system comprising a housing 4, 
an electric motor 1 fixed relative to the housing 4 having a stator 2 and a 

5 rotor 3, an input shaft 5 operatively connected to the rotor 3, an output 
shaft 12 operatively connected to a steering column, and a torque sensor 
adapted to produce an output signal indicative of the torque in the output 
shaft 12, the motor 1 being adapted to apply a torque to the output 
shaft 12 dependent upon the output signal from the torque sensor through 

10 a worm gear 13 provided on the input shaft 5 which is adapted to mesh 
with a wheel gear 11 operatively connected to the output shaft 12, the 
steering system being characterised by further comprising a first bearing 
means 9 which supports the input shaft 5 relative to the housing 4 at its 
end distal from the motor 1 and a resilient biasing means 14, 200 adapted 

15 to act upon the first bearing means 9 to bias the input shaft 5 towards the 
wheel gear 11. 

2. An electric power assisted steering system according to claim 1 in 
which the input shaft is biased via a tilting movement which is centred at 

20 a second bearing means which supports the input shaft relative to the 
housing at its end adjacent to the motor. 

3. An electric power assisted steering system according to claim 1 in 
which the biasing means 14, 200 is adapted to apply a sufficient biasing 

25 force to the first bearing means 9 to maintain a fully meshed engagement 
between the teeth of the worm gear 13 and the teeth of the wheel gear 11 
over a predetermined range of torque values carried by the wheel gear. 

4. An electric power assisted steering system according to claim 1 or 
30 claim 2 in which the biasing means comprises a resilient spring 200 
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adapted to act between a portion of the housing 4 and the first biasing 
means 9. 

5. An electric power assisted steering system according to claim 4 in 
5 which the resilient spring 200 comprises a leaf spring which is attached to 

the housing at a first end and acts upon the first bearing means 9 at its 
second end. 

6. An electric power assisted steering system according to claim 5 in 
10 which the leaf spring 200 is provided outside of the housing 4 and the 

second end of the leaf spring 200 passes through an opening in the 
housing 4 to engage with the first bearing means 9. 

7. An electric power assisted steering system according to claim 4 in 
15 which the second end of the leaf spring 200 is adapted to carry a seal 

which seals with the opening through which it passes. 

8. An electric power assisted steering system according to any one of 
claims 1 to 4 in which the biasing means comprises a torsion bar spring 

20 having a first end acting against the first bearing means and a second end 
fixed relative to a position of the housing. 

9. An electric power assisted steering system according to claim 8 in 
which the second end of the torsion bar rests upon an end face of an 

25 adjustment means which engages with the housing. 

10. An electric power assisted steering system according to any one of 
claims 1 to 4 in which the biasing means comprises an annular O-ring 
provided between the first bearing means and the housing. 
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11. An electric power assisted steering system according to any one of 
claims 1 to 4 in which the biasing means comprises a coil spring having 
its axis substantially perpendicular to that of the wormshaft. 

5 12. An electric power assisted steering system according claim 11 in 
which the coil spring is provided in a hole in the housing and a closure 
plug or plate is provided at the end of the hole distal from the first 
bearing means which provides a support for the coil spring. 

10 13. An electric power assisted steering system according to any 
preceding claim in which the input shaft 5 extends continuously through 
the rotor 3 and is sufficiently flexible to allow the biasing means to 
deflect the worm by the required amount. 

15 14. An electric power assisted steering system according to any one of 
claims 1 to 12 in which the input shaft 5 is operatively connected to the 
rotor 3 through a flexible coupling 52 which allows the worm to move 
without movement of the rotor 3. 

20 15. An electric power assisted steering system according to claim 14 in 
which the flexible coupling 52 comprises a resilient element and the motor 
rotor 3 is adapted to apply a drive force to the resilient element 52 
through one or more circumferentially spaced radially extending 
surfaces 54 of the resilient element. 

25 

16. An electric power assisted steering system according to claim 15 in 
which the resilient element 52 is adapted to apply a drive force to the 
input shaft 5 through one or more circumferentially spaced radially 
extending surfaces 54 of the element. 



30 
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17. An electric power assisted steering system according to claim 14, 
15 or 16 in which a first compression means is provided between the 
housing and the first bearing means at the end of the input shaft distal 
from the motor which applies a compressive force onto the input shaft to 

5 bias it towards the motor rotor. 

18. An electric power assisted steering system according to claim 17 in 
which the first compression means comprises a coil spring. 

10 19. An electric power assisted steering system according to any one of 
claims 14 to 18 in which a second compression means (such as a coil 
spring) may also be provided between the end of the input shaft adjacent 
the motor rotor and the motor rotor. 

15 20. An electric power assisted steering system according to claim 19 in 
which a cup is formed on an end of the input shaft 5 whilst a pin 
extending about the rotational axis of the motor rotor and forming a part 
of the rotor projects into the cup to engage the second compression 
means 55. 

20 

21. An electric power assisted steering system according to any one of 
claims 3 to 20 when dependent upon claim 2 in which the housing defines 
a first portion and a second portion, the first portion comprising a housing 
for the input shaft having at least one pair of opposed walls, and having 

25 an opening in each wall into which the first and second bearing 
means 9, 10 are respectively provided, and the second portion comprising 
a housing for at least part of the output shaft 12 having at least one pair of 
opposed walls, an opening being provided in each wall for receiving one 
or more bearings adapted to secure the output shaft relative to the 

30 housing. 
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22. An electric power assisted steering system according to any 
preceding claim in which a plastic lining portion is provided around a 
circumferential outer face of the first bearing means which prevents 

5 contact between the first bearing means and the housing at excessive 
displacements. 

23. An electric power assisted steering system according to any 
preceding claim in which an opening defined in the first portion of the 

10 housing which receives the first bearing means 9 comprises an elongated 
slot through which the input shaft 5 passes having semicircular end 
portions and a central pair of parallel sides whereby the first bearing 
means 9 is adapted to move axially along the slot but prevented from 
moving radially perpendicular to the slot. 

15 

24. An electric power assisted steering system comprising a housing, an 
electric motor fixed relative to the housing having a stator and a rotor, 
and input shaft operatively connected to the rotor, an output shaft 
operatively connected to a steering column, and a torque sensor adapted to 

20 produce an output signal indicative of the torque in the output shaft, the 
motor being adapted to apply a torque to the output shaft dependent upon 
the output signal from the torque sensor through a worm gear provided on 
the input shaft which is adapted to mesh with a wheel gear on the output 
shaft, the steering system being characterised in that the input shaft is 

25 operatively connected to the motor rotor by a flexible coupling. 

25. An electric power assisted steering system according to claim 24 in 
which the flexible coupling comprises a resilient element. 
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26. An electric power assisted steering system according to claim 25 in 
which the element has a plurality of substantially radially extending drive 
faces, one or more of the drive faces co-operating with one or more radial 
drive faces defined on the rotor and one or more of the drive faces co- 

5 operating with drive faces defined on the input shaft. 

27. An electric power assisted steering system according to claim 26 in 
which the element comprises a spider having a plurality of radially 
extending arms defining the drive surfaces. 

10 

28. An electric power assisted steering system according to any one of 
claims 24 to 27 in which the input shaft has a cup formed on its end 
adjacent the motor rotor and a pin located along the axis of rotation of the 
rotor is adapted to be received within the cup 



15 
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